Aim. The issue of preterm birth due to exposure to magnetic fields from power lines is unclear. Exposure to electromagnetic field in uterus has been hypothesized as possible preterm birth. The aim of the present study was to determine whether living closer to high voltage power lines increased the risk of preterm labor.
INTRODUCTION
Despite the progress in antenatal care service in all countries, the rate of preterm birth is increasing in developed and developing countries, especially Iran [1] . The prevalence of preterm birth in Iran is 9.2% [2] . A possible reason for this could be that the fetus has been shown to be vulnerable to environmental exposures during pregnancy [3] .
The main transmission grids in Iran are the overhead lines, rating at 400 and 230, and 60 kV. In Mazandaran and Golestan Province, Iran, a total of 1229 kilometers of 400 kV, 1314 kilometers of 230 kV overhead transmission lines were introduced to the environment as a result of increasing demand for reliable and renewable energy supplies. These power line routes may have a considerable impact on the residents living nearby. Many research studies regarding the impact of low frequency electromagnetic fields on residents living close to very high voltage overhead power lines were carried out. Most studies were done on the occurrence of malignancy in both children and adults [4] [5] [6] [7] [8] [9] [10] [11] [12] . A review study has shown that childhood leukemia is associated with exposure to magnetic field [13] . Many other studies were also carried out with regard to the effects of low frequency electromagnetic fields on reproductive outcomes and birth defect. These studies suggest the role of this exposure and the increased risk of birth defect [14, 15] . In addition, the results from some studies have indicated that exposure to magnetic field may be associated with the increased risk of adverse birth outcomes such as low birth weight [16] and miscarriages [17] . Some studies, however, did not find a statistically significant increased risk of preterm birth and low birth weight in relation to exposure to electromagnetic field during pregnancy [18, 19] reproductive outcomes [14] . Pregnant women in Iran sometimes live very close to very high voltage overhead power lines and are exposed to electromagnetic fields [11] . Most residents living in close proximity to overhead power lines are more concerned about the outcome of their pregnancy [20] . The scientific evidence for other outcomes of pregnancy such as preterm birth is quite weak. A recent study from Iran suggests that magnetic fields do not cause the preterm birth among mothers living close to power lines during pregnancy [21] , and it does not have the power to exclude the risk of preterm birth. In the present study, we tested the hypothesis that close proximity to maternal residential exposure to magnetic fields from power lines could be associated with the increased spontaneous preterm birth. To this end, we analyzed 135 mothers with preterm birth, and 150 matched controls, who were residents in Babol, in north Iran. We tried to find out if there were any associations between the preterm birth and these lines as a risk factor.
MATERIAL AND METHODS
In this nested case-control study, 155 diagnosed spontaneous preterm births from within a birth registry in Rohani Hospital affiliated to Babol University of Medical Sciences, during the period between Feb. 2013 and Dec. 2014, were studied. The 155 control subjects were chosen using randomized-digit dialing, which was matched for the child birth year and the city of residence. Out of 155 eligible cases, 20 women were excluded from the study due to their non-precise addresses. Five addresses were also missing for women in the control group. Thus, no distance was recorded for 25 subjects (20 cases, 5 controls), which excluded them from the statistical analyses.
This study was approved by Babol University of Medical Sciences for ethics in medical research. Written informed consents were obtained from all participants in this study. Spontaneous preterm birth was defined as less than 37 weeks of completed gestation, excluding the elective cesarean section. The gestational age was also referred to as the last missed period (LMP) data and/or the scanned data during early pregnancy and the modified Ballard gestational age after birth according to their medical records. The birth defect types, included in the analyses, were: central nervous system (CNS) defects, cardiac defects, respiratory system defects, oesophageal defects, and clubfoot by the patients file [14] . Newborn death during 24 hours of birth was considered in both groups.
The required sample size for each group was calculated to be 152, using a confidence level of 95%, the expected proportion exposed in controls of 0.05, power of 0.8, and the assumed odds ratio of 3.2. A check list focusing on birth outcome and obstetric history was administered in all patients' file. The maternal age, which was between 16 to 40, was categorized into three groups: <25 years, 25-35 years, and > 35 years. Age at marriage was categorized < 20 years, 20-25 years, and > 25 years. The residence of mother during pregnancy was dichotomized into urban and rural. Parity was also coded as no birth, one previous birth, and two previous births. The maternal smoking data were recorded as 'yes/no', but because it was not reported by anyone, this was not included in the statistical models. The Apgar score at 60 seconds after the birth of the newborn was categorized into two groups: <7 and ≥ 7. After obtaining the geographical data related to cables, lines, and electricity towers, we measured the nearest linear distance from the high voltage power lines to the maternal residence during pregnancy using ArcGIS software for every case and control. The women in the both groups, preterm and term birth, were categorized into two groups: women living < 600 meters from power lines and ≥ 600 meters [4, 6, 11] . The confounding variables were parity, the educational status of men and women, and the job of men and women.
STATISTICAL ANALYSIS
All data analyses were conducted through SPSS Version 18.0 (Inc., Chicago, IL, USA). The status of pregnancy outcome for exposure and nonexposure to electro-magnetic field groups was compared using descriptive and χ2 statistics. To test the association between the preterm births and the residential proximity to power lines, bivariate conditional logistic regression analyses at P = 0.2 were used. Odd ratios (ORs) were assessed using the maximum likelihood, and the associated 95% confidence intervals (CIs) were computed. A p value of 0.05 or less was considered significant.
RESULTS
A total of 285 women with a mean age of 27.5 ± 5.5 years participated in the study. Table 1) . Most of women with spontaneous preterm delivery (64.4%) had emergency cesarean. Type of delivery was different between those with preterm birth compared to those with term birth. However, in order to accurately assess spontaneous preterm labor those with elective cesarean were previously excluded from the case group. Percentages of Apgar < 7 at one minute in women with preterm birth were significantly more compared to those with term birth (8.1% vs 0%, p = 0.0001). A significant statistical difference was found in birth weight (p = 0.0001), birth defect (p = 0.023), and newborn death during 24 hours of birth (p = 0.0001) between women with preterm and term birth ( Table 2) . Most women (n = 257, 115 cases, 142 controls) lived in homes, which were not located near high voltage power lines. There were 28 households, 20 cases (14.8%), 8 controls (5.3%) were situated within 600 meters of a high voltage power lines.
After adjusting for possible confounding variables including parity, residence, educational status of men and women, and the job of men and women, it was found that women who were living in less than 600 meters from high voltage power lines had spontaneously higher preterm birth (OR = 3.28, CI: 1.37 to 7.85) and higher birth defects (OR = 5.05, CI: 1.52 to 16.78) compared to those living at farther distances (P< 0.003) ( Table 3) . Newborn death did not differ between those living close to high voltage power lines compared with those living farther away lines during pregnancy (Table 3) . 1.00 † Adjusted for parity, residence, educational status of men and women, and the job of men and women (n = 288).
DISCUSSION
The high-voltage power lines in Iran provided a unique opportunity to assess associations of spontaneous preterm labor with magnetic fields generated by high voltage overhead power lines. This study is an important addition to research on the health affected by power lines. Only a few studies have investigated the pregnancy outcome affected by power lines, but the researchers showed that the electromagnetic field exposure of pregnant women did not increase the risk of pregnancy outcomes [19, [21] [22] [23] . In this investigation, we found that women who were living in less than 600 meters from high voltage power lines had higher spontaneous preterm birth and birth defects compared to those living farther than 600 meters. Meanwhile, numerous studies, which indicated an increased risk of cancers, and fetal loss [17, 24] in the women with exposure to magnetic fields generated by high voltage overhead power lines [25] . This could help to provide evidence for managing pregnant women who are at high risk of birth defect, and prevent preterm birth in pregnant women in prenatal services.
There are several limitations for this study: this study was based on the distance measured through geographical information systems (GIS), whereas future studies that use a means of a device for home measurements [26, 27] will provide all sources of magnetic fields in the residence [28] .
However, distance data based on calculations using GIS data represent a perception of potential environmental hazards in epidemiological studies [29] . Another limitation of this nested case control study was that it was not possible to randomly assign pregnant women to live near or farther away from a high voltage overhead power line. This study could not analyze other risk factors that might influence the preterm birth. However, we controlled potential confounders of preterm birth such as living in urban and rural areas, demographic and socioeconomic status in the statistical analyses. Despite all the limitations, this study has important implications for future research and programs. The findings of this study may be used to minimize the adverse outcomes of pregnancy due to high voltage power lines.
CONCLUSIONS
These results add new important information about risk factor of preterm birth. Besides we found a significantly increased risk of spontaneous preterm birth in pregnant women, living in at least 600 meters from very high voltage (230 and 400 kilo volts). Therefore, installing overhead power lines and stations within 600 meters or making overhead underground would be useful in the prevention of preterm birth.
